INTRODUCTION
The potential for dinitrosyl iron complexes (DNICs) to serve as storage and transfer units for nitric oxide in vivo has stimulated interest in biomimetic chemistry that reveals the principles underlying such reactivity. 1 Much of this interest stems from the demonstration that DNICs can participate in a host of physiological processes normally mediated by NO gas. [2] [3] [4] [5] [6] [7] [8] DNICs also hold promise as therapeutic delivery agents of NO. [9] [10] [11] [12] [13] [14] The release of free NO by iron nitrosyls has been examined in detail, yet very little work has been devoted to understanding the mechanism of NO-transfer from DNICs. [15] [16] [17] In a biological context, the transfer of NO can be tedious to study since the nature of a DNIC can be difficult to ascertain. Broadly defined, dinitrosyl iron complexes are any member of a class of compounds containing the {Fe(NO) 2 } unit, 18 although the moniker DNIC is typically reserved for thiolate-bound, mononuclear complexes of the type [Fe(NO) 2 
(SR) 2 ]
− . 19 Biologically, the -SR anion typically derives from cysteinate residues in proteins or mobile units such as glutathione, although examples of biological DNICs with non-thiolate ligands are also known. 20, 21 Formation of DNICs in vivo occurs through interaction of NO with chelatable pools of ferrous iron 22 or by attack of NO on protein-based iron centers such as iron-sulfur clusters. [23] [24] [25] [26] [27] [28] [29] Mononuclear DNICs that result are denoted {Fe(NO) 2 } 9 in the Enemark-Feltham notation 30 and display a characteristic g avg = 2.03 EPR signal arising from an S = ½ groundstate. 31 The precise electronic structure of {Fe(NO) 2 } NO·, and NO − and resulting in oxidative nitrosylation (nitrosation), nitrosylation, or reductive nitrosylation of the acceptor moiety, respectively (Scheme 1). With nitrosothiols, reductive nitrosylation is unlikely because the reaction would require formation of RS + . With metal-nitrosyls, however, transfer of each redox form of NO must be considered. An added layer of complexity to the chemistry of DNICs is their ability to participate in redox chemistry prior to NO transfer. DNICs containing the {Fe(NO) 2 } 9 unit display an electrochemically reversible one-electron reduction to the diamagnetic {Fe(NO) 2 } 10 state.
With π-acidic ligands such as carbonyls, phosphines, and certain nitrogen-based ligands, such reduced species have been isolated and characterized. 40 With thiolate (RS -) ligands, however, chemical reduction of the {Fe(NO) 2 } 9 DNIC leads to dissociation of disulfide (RSSR) and dimerization to form a valence delocalized {Fe(NO) 2 } 9 -{Fe(NO) 2 } 10 species. 41 ,42
Scheme 1. Different scenarios for transfer of NO between donor (L n M) and acceptor (A).
Recently, we reported the synthesis of a pair of homologous DNIC redox partners, {Fe(NO) 2 } 9/10 , containing a sterically hindered β-diketiminate ligand (Chart 1, compounds 1 and 2). 43 The identical ligand sets in these DNICs permit an evaluation of the effect that iron redox state plays on their structures and reactivity. One very interesting observation from this study is that the isomer shifts (δ) in the Mössbauer spectra of the two DNICs are nearly identical, δ 0.19 (2) and 0.23(2) mm/s for 1 and 2, respectively, which is unexpected for a metal-centered reduction. 32 This result clearly reveals the intricate nature of the electronic structure of {Fe(NO) 2 } units and indicates that redox reactions of DNICs are more complex than anticipated from simple metal-based processes.
In the present work we have used these well-defined dinitrosyl iron complexes to investigate the mechanism of NO-transfer. The β-diketiminate ligand, Ar-nacnac (Ar = 2,6-diisopropylphenyl), 44, 45 is critical to this study because it helps stabilize both the DNIC starting materials and the products of NOtransfer. Moreover, the nitrogen-rich coordination environment afforded by the Ar-nancac ligand is a reasonable approximation of the histidine residue N-donor atoms. 46, 47 Chart 1. Chemical structures of compounds 1 and 2.
RESULTS

Dinitrosyl Complexes
The synthesis and characterization of DNICs 1 and 2 were described previously. 43 Each compound has pseudo-tetrahedral coordination geometry with the {Fe(NO) 2 } unit residing in a pocket created by the sterically demanding diisopropylphenyl substituents. Compounds 1 and 2 are thermally robust and display sharp melting points at temperatures above 150 ºC. Compound 1 is stable in air for short periods of time whereas compound 2 oxidizes rapidly in the presence of dioxygen to generate 1 ( Figure S1 ).
Both compounds display an electrochemically reversible one-electron couple at -1.34 V vs Fc/Fc + in tetrahydrofuran ( Figure S2 ). This potential is higher than that observed for DNICs containing thiolate ligands, reflecting the neutral character of 1. Figure 1 (see Table 1 for refinement details). Compound 3 crystallizes with two chemically equivalent but crystallographically independent molecules in the asymmetric unit. Like 
Mononitrosyl Complexes
The success of the β-diketiminate in stabilizing compounds containing both {Fe(NO) 2 The solid-state structure of 4 is displayed in Figure 3 (see Table 1 Dimeric 5' has poor solubility in non-coordinating solvents, but dissolves readily in THF to regenerate
5.
Compound 5 also serves as a convenient synthon for MNIC 4, which forms by simple addition of NO gas (eq 3). In this manner, the 15 N-analog of 4 can be prepared directly from 15 NO (g).
The observed disproportionation of the {Fe-NO} 8 unit accounts for the observation that samples of recrystallized 4 contain small amounts of 1, since the {Fe-NO} 7 complex may be reasonably supposed to disproportionate to 1 and an Fe(III) species in an analogous fashion to its reduced counterpart, albeit at a much slower rate. To test this hypothesis, the Fe(III) complex [FeBr 2 (Ar-nacnac)] (6) was prepared. 57 Isolation and purification of [Fe III Br 2 (Ar-nacnac)] was complicated by competing reduction of Fe(III) by the Ar-nacnac ligand. 58 Nevertheless, small quantities of 6 could be isolated, and the solidstate structure is displayed in Figure 6 (see also Table 1 ). Upon mixing solutions of compounds 1 and 6 at ambient temperature, partial conversion to MNIC 4 was observed by IR spectroscopy over 24 h. This observation suggests that all three species, 1, 4, and 6, can interconvert (eq 4), with the equilibrium lying predominantly toward 4. Upon reduction, a similar situation exists involving compounds 2, 5, and the {Fe-NO} 8 complex, but in this instance the equilibrium lies entirely toward 2 and 5 (eq 2). 7 MNIC is generated, a process that can be described by the stoichiometry displayed in eq 5.
NO Transfer Reactions
Initial kinetic studies of the reaction employing excess 1 at several temperatures > 50 ºC displayed complex behavior that could not be fit to a pseudo first-order process (e.g., Figure 8 generates an {Fe-NO} 8 species (eq 7) that immediately disproportionates to give 2 (eq 8). Such a reaction sequence explains the observed IR spectral changes in Figure 9 , as summarized in eqs 6-8. Reduction of 4 to give the unstable {Fe-NO} 8 species is intriguing, given its possible relevance to the mechanism of NO-scavenging reductases (sNORs). 62 These enzymes contain adjacent carboxylatebridged {Fe-NO} 7 centers in their NO-bound state. In one proposed mechanism, reduction of both iron centers leads to formation of the corresponding {Fe-NO} 8 species. These reduced nitrosyls then revert back to diiron(II) species in the presence of protons with concomitant release of N 2 O and H 2 O. In the case of compound 4, reduction to the {Fe-NO} 8 leads to formation of a DNIC and not to chemistry at the NO ligands. The fact that Fe(II) is generated in the process, however, lends credence to the proposal that sNOR activity occurs through the intermediacy of an {Fe-NO} 8 species. UV-vis spectra were recorded on a Cary-50 spectrophotometer in air-tight Teflon-capped quartz cells.
Samples for 57 Fe Mössbauer studies were prepared by grinding solids with Apiezon-N grease. Samples were placed in a 90 K cryostat during measurement. All isomer shift (δ) and quadrupole splitting (ΔE Q ) values are reported with respect to 57 Fe-enriched metallic iron foil that was used for velocity calibration.
The displayed spectrum was folded to enhance the signal-to-noise ratio. Fits of the data were calculated by the WMOSS version 2.5 plot and fit program. 68 X-band EPR spectra were recorded on a Bruker EMX EPR spectrometer. Temperature control was maintained with a quartz finger dewar (77 K).
Spectra were recorded in 4 mm o.d. quartz EPR tubes capped with a tight-fitting rubber septum. with SAINT. 69 Empirical absorption corrections were applied with SADABS, 70 and the structure was checked for higher symmetry by the PLATON software. 71 The structures were solved by direct methods with refinement by full-matrix least-squares based on F 2 using SHELXTL-97. 72 All non-hydrogen atoms were located and their positions refined anisotropically. Hydrogen atoms were assigned to idealized positions and given thermal parameters equal to either 1.5 (methyl hydrogen atoms) or 1.2 (non-methyl hydrogen atoms) times the thermal parameters of the atoms to which they were attached.
Crystals of 3 -6 were grown by slow cooling of a saturated solution of each complex in pentane.
No incorporation of solvent occurred in any of the crystal lattices. The asymmetric unit of complex 3 contains two independent molecules having the same molecular structure. Complex 4 was modeled with a positional disorder between the NO and Br ligands. The NO and Br -ligands were observed to be positionally disordered in a difference Fourier map and the occupancy factors of the two disordered components refined to 67% and 33%. Further information is provided in the Supporting Information. Table 1 reports crystallographic data and additional refinement details. Extraction of this residue into pentane generated a dark green solution and a large quantity of brown (IR) were prepared in the glovebox at appropriate concentrations (~100 μ M for UV, ~20 mM for IR).
These solutions were then combined with a solution of the desired iron porphyrin compound in a vial or quartz cuvette. Reactions were allowed to proceed in the absence of light as much as possible. For UVvis reactions conducted in the presence of light irradiation, the cuvette was exposed to fluorescent room light for 3 min intervals between spectra. 
